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VJIK 004.4
Baagucaas IaniiiBan

MOBYJIOBA MOJIEJII CHCTEMH MACOBOT'O OBCJIYTOBYBAHHS
TUISI BATAHHS PEKOMEHIA LI IIOJI0 OBPAHHS YEPT

BUILDING THE MODEL OF QUEUEING SYSTEM FOR
PRODUCING RECOMMENDATIONS OF QUEUE CHOICE

VY nmaHiif cTaTTi OMHCAaHO TPOEKT CTBOPEHHS CHCTEMH KOHTPOIO Yepr s
OaraTokaHalbHUX cHCTeM MacoBoro oOciyroByBanHs (CMO) 3 HeoOMexeHUM
ouikyBaHHsIM. B pamkax manoi crarti Oyae ommucaHo moOymoBy moxaeni CMO st
emMyJsiii  poOOTH TiPCHKOJIMIKHOTO KypOpTy Ta CTBOPEHHS CHCTEMH BHIAYl
pPEKOMEH 1Al Ha OCHOB1 XapaKTEPUCTHK Ta CTaHy CTBOPEHOI MOJIETII.

KarouoBi cioBa: cuctema MacoBoro oOOCIyroByBaHHs, uepra, BHaya
PEKOMEHIaIlii, MOJIE]Th CHCTEMH.

This article describes the design of a queue monitoring system for multichannel
queuing system (QS) with unlimited expectations. Within the framework of this article
will be described the construction of the QS model for emulating the work of the ski
resort and the creation of a system for issuing recommendations based on the
characteristics and state of the created model.

Key words: queuing system, queue, recommendation system, system model.

AKTyaJbHiCTh TeMH nocjdimkeHHs. [IpoOiema KepyBaHHS 4Yepramu TrOCTPO
CTOITh y BCiX cucreMax macoBoro obciyropyBaHHs (CMO). Metoro naHoi cTarTi €
ONMC TPOEKTY CTBOPEHHS CHCTEMH KOHTPOJIO JIFOJCHKOTO  TIOTOKY  JJIst
6aratokananpbHux CMO. IlomibHa cucreMa MOXXe 3HAHUTH CBOE BHKOPUCTAHHS y
TPAHCIIOPTHUX BOK3aJax, TOPTiBEIbHHUX IIEHTPAaX 1 MarasmHax, KypopTax i MicCIsax
MacoBOTO BIJIMOYHMHKY, TOIIO, 32 YMOBH MO>KJIMBOCTI OTEPATHBHOI'O MOHITOPHHTY
JTFOJICBKOTO TIOTOKY Ta PiBHO3HAYHOCTI Yepr.

ITocranoBka mpodaemu. Ha croromuiniHii aeHp y O6utbmocti CMO BiacyTHs
cucTeMa peKOMeH Ialliid, abo 115 cucTeMa He € IOCTaTHBO e(hEKTUBHOIO JJIsl BUPIIICHHS
npobsiemu yepr. CtBopenHss mozeni CMO st emyintoBaHHs ii poOOTH B pealbHOMY
Yaci € TepmuM KpPOKOM JJIsi CTBOPCHHS CUCTEMH pPEKOMEHMAIN JUisl KepyBaHHS
yepramu.

AHaJi3 ocTaHHIX H0c/iKeHb i myOJikanii. Bapiantu BupimenHs mpooiiem
KEepPYBaHHS 4Yepr 3HAYHO BIJAPI3HIIOTHCS B 3aJISKHOCTI Bi XapakTepy CHCTEMHU
MacoBOTO OOCITYrOBYBaHHS, TOMY HE ICHYE €JIWHOI'O BUPINICHHS I[bOTO ITHTAHHS.
3aMicTh IIBOTO MPOTATOM POKIB Y 0ararbox rajqy3sx MacoBOTI'0 OOCIyTOBYBaHHS OyJIH
copMOBaHI HEOJHO3HAYHI TMPAKTUKHA MO0 TIOKPAIICHHS CHUTyallii 3 4YepraMu.
binpuricTes myOmikariii 1 TOCTDKeHb Ha JaHy TEMY pPO3TJISAIalOTh BY3bKY YacTHHY
NUTAaHHS Ta MAIOTh TEOPETUIHO-iH(DOPMAITIHHIA XapaKTep.

BujijieHHs1 HeoCaiXKeHUX YACTHH 3arajbHoi mpoodJjeMu. IcHyr0Ul cucTemMu
mozaemoBaHHs CMO 371e01ap10r0  po3po0iIeHi 3 IUJUIF0 MOJCITIOBAHHS TOTOKIB
BUPOOHUIITBA 1 OOpOOKM TOBapiB Ha MIANMPUEMCTBAX Ta, Y JEAKUX BHUMAIKaX, IS
MOJICITIOBAHHS TIOTOKIB JIFOJICH, ajie B OCTAaHHIX BIJICYTHIH psJl KPUTUYHO BAKIHBHUX
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nmapaMmeTpiB MoOJIeli, TaKWX SK MICIEe 3HAXO/PKEHHS KII€HTAa BIJHOCHO Il Ta
BpaxyBaHHsI 4acy MEPEMIINICHHS KIIEHTIB, TOMY iX HEMOKJIMBO BUKOPHCTOBYBATH ISt
CTBOPEHHSI CHCTEMH PEKOMEH IAIliH.

IMocTanoBka 3axaui. Y ganiit po6oti onucyeThes modyaoBa moaeni CMO mist
emMyJisiii poOOTH TiPCHKOJIMKHOTO KYpOPTY Ta CTBOPEHHS CHCTEMH BHJIadi peKOMe-
HJAIiil Ha OCHOBI XapaKTEePUCTHK Ta CTaHy CTBOpeHOi Mozeni. OCHOBHOK MIJUTIO
BHJIa4l peKOMEH/IAIII1 € MiHIMIi3allisl 4acy OYiKyBaHHS MiK KaTaHHSIMH.

Buxiiagennss ocHoBHOro marepianay. Ilo6ydosa moodeni.Cuctemy TipChKOIU-
KHUX Tpac MOKHA MPEACTaBUTH y Burisii rpady. Bepmmnamu rpady OyayTs TOUKu
migiioMy Ta CHycKy. BepmmHu MaroTh sIKicTh HasiBHOCTI Jtoneid (uepr). PeGpamu
rpady € Tpacu migioMy Ta CIyCKy, a X BaraMu — 4ac, SIKUi TOTPIOHHM ISl CITyCKY
abo migitomy. OKpiM Yepr, BepUIUHU rpady MarTh M€ JOJIATKOBY XapaKTEPUCTHUKY Y
BUIJISIII CTPYKTYPH JaHUX, IO BigoOpaskae MPOTHO30BAaHY KIIBKICTH JIOACH, SK1
npuOyAyTh M0 Ii€l BEPIIMHMU, a TAKOX dYac 4Yepe3 SKui Iie 3AiiMcHUThes. Hrbkue
HABEJIEHO TECTOBUM MPUKIIAJ CIPOEKTOBAHOI CUCTEMH Ta pe3yibTaT ii podoru. Ha
PUCYHKY | mpejcTaBiieHa cXxema CHCTEMHU 3 TPhOX BEPIIMH (300pa)KeHi y BUTIISA Kill
Ta npoHyMmepoBaHi Bim O g0 2 BcepeauHi). 3B’S3KM MiX BEpIIMHAMHU TO3HAYEHI
CTPUIKaMH, TOBXXUHHU CITYCKiB Ta IMiJHOMIB BKa3aHi MOpYHY.
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Puc. 1. CxeMa TeCTOBOI CUCTEMHU.

VY Tabnuii 1 onucaHo cTaTUYHI XapaKTePUCTHKHU BEPIIUH rpady.

Tabnuys 1
CraTnyHi 1aHi BepumH rpady
Ne pepiunHu Tun BepumHu IIponyckHa 31aTHICTH 40J1/XB
0 [TimitoMHUK 10
1 Tpaca -
2 ITimitoMHUK 20

VY Tabmumi 2 omucaHi 3MiHHI XapaKTEpPUCTUKH Tpady Taki, sSK: IMOTOYHA
JIOBKMHA Yepr Ta OYiKyBaHa KUIBKICTh JIFOJCH, IO MpuOyAyTh Ha MJAWOMHHUK, Yy
nesikuil yac. JIJis HAOYHOCTI JaHi HaBENEHO IS MEPIIUX JEKITbKOX XBWJIMH pOoOOTH
MOJIEITi 3 KPOKOM B OJIHY XBUJIMHY.
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Tabnuys 2
3MiHHI XapaKTePUCTUKHU BEPIIMH NPOTATOM POOOTH CHCTEMH
XBHJIMH 3 IToTouna . . . .
Ne Bepmmun KinbkicTh 0o4iKyBaHuUX JH01€iH
NO4YaATKYy yepra
0 200 -
0 1 0 -
2 300 -
0 190 -
10 nroneit yepes 1 xBUnuHY
1 1 0 .
20 nropeit uepes 2 XBUINHY
2 280 -
0 180 -
30 mroneit uepe3 1 XxBUIUHY
2 1 10 N
20 mroneit yepes 2 XBUJIMHU
2 260 -
0 175 -
30 moneit yepe3 1 xBUIMHY
3 1 30 N
20 nroneit yepe3 2 XBUIMHU
2 240 5 nmroaent yepe3 1 XBUIIUHY
0 180 -
30 mrozeit yepe3 1 XBUIUMHY
1 30 N
4 20 nronent yepes 2 XBUIUHU
2 225 15 nropeit yepe3 1 XBUIUHY

SAx MokHa 0aYUTH 13 TAOJIMII, MOJIENH MPAIIE KOPEKTHO, 00 KUIBKICTh JIIOJIEH
y CHCTEMi 3aJIMINAEThCS HE3MIHHOK. B pamkax maHOro MpUKIamy JUIsl CHMYJISIi
MOBE/IIHKH JINDKHUKIB OyB BUKOPUCTAHWN 3aKOH PIBHOMIPHOTO PO3MOJILTY.

Buoaua pexomenoayin.JIis NVKHWKA, 10 CTOITh Ha BEPIIMHI, HaWKpaIIuM
IUISIXOM MOXXHA BBaXKaTH TOH, IO MIHIMI3y€ 4Yac OYiKyBaHHS IIICIs CITYCKY, TOOTO
TIPU3BOJIUTH IO HAWMEHIIIUX 3aTPUMOK MiXK KaTaHHSIMH.

Yac ouikyBaHHS MOYKHA BHPa3UTH HACTYIHOIO (hopmyiioro (1):

q
t = ; + v, (1)
Je ¢ — 4ac OYiKyBaHHS, ¢ — JIOB)KMHA YepPrd Ha MOMEHT MpPHUOYTTS, p — MPOIYCKHA
3MaTHICTh MIMOMHHKA, V — Yac MiJTAOMYy MiIiOMHHKA. [Ipy IbOMY JOBKUHY YeprH
MO>KHa oOpaxyBatH 3a (opmyiioro (2):
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— n !
Gn=qo— P*n+2i:1q, ()
e qn — JOBXHWHAa qepm qepes n XBUWJIHMH, qO — JIOBXKHWHaA qepm HAa MOMCHT BI/II[a‘-Ii
peKOMeHallii, # —TPUBATICTh CITYCKY, q’l. — JIOBJKMHA YE€Pru sIKa J0JACThCS MPOTITOM

XBWJIMHH I, p — IPOITyCKHA 3[aTHICTh TiOMHUKA.
Ipuxnao pobomu cucmemu euoaui pexomenoayiu. [{ist Mozaeri, Mo onucaHa y
tabmunsax 1 - 2 ta puc. 1, 3a pe3ynbratoM poOOTH MPOTAToM 4 XBWIMH CHUCTEMa

HaOyIa HacTynmHOro BUMIIALy (Tadm. 3):
Tabauys 3
CraH cucTeMH micJsi YOTUPbOX XBHJIMH Po0OTH

Ne BepimHH IToroyna yepra IIpuOyTTs J1I0/1€H 0HiKY€ETHCSA

0 180 -

1 30 30 nroneit yepes 1 XBUIUHY
20 mroneit yepes 2 XBUIMHU

2 225 15 nroneit yepe3 1 xBunuHy

Jlyist TuKHUKA, 10 3HAXOJUTHCSI Y BEpIIMHI 1, mocTtae 3amaya BUOOpY MUISAXY
cnycky: a0 BepmuHH 0 4d A0 BepmMHMA 2. Y JaHOMY BUMAJKY, 32 pe3yjibTaTaMu
PO3paxyHKIB, HAMKOPOTIIUI Yac O4YiKyBaHHS OyJie IOCSITHYTUH TpU BHOOpI Tpacu 10
BepimHu 2 (13.375 xBunuH y nopiBHsHHI 3 19.75 XBUIMHAMM), HE3BAXKAIOUH HA TE, 1110
yepra y BepinHi 2 Habarato qopira. Ha BuOip criycky BIuiMBae 6arato mapaMmeTpiB: dyac
CIyCKY, TIOTOYHA JIOBXKMHA YEprd, MPOTHO30BAaHA KUIBKICTH JIIOJEH 3a pe3yibTaTaMu
eMYJIAIIT Ha MOMEHT IPpUOYTTSI, MPOITYCKHA 3/IaTHICTD MITHOMHHKA Ta Yac IiaioMmy.

Cknaoanms mapuwpymy kamants. HacTymHAM KpOKOM Yy po3poOIli CUCTEMH MOXKE
CTaTH TOKpAIIEHHS CUCTEMH BHJa4yl pEKOMEH[Allii, a came: BUJa4ya peKOMEH/AIli 110710
MapHIpyTy KaTaHHS, SKUWA CKIAJaeTbCsi 3 TMOCHIJOBHOCTI BEPIIUH, II0 Ma€ BiABIIaTH
JVDKHUK (3aMICTh BHJIa4l PEKOMEHJAIli 100 OOpaHHS OJHOTO CIYCKYy). Y IbOMY
BUIIQJIKY, 3aMICTh MiHIMI3aIlii Yacy OYiKyBaHHS € PO3YMHHM OOpaTH IIISX MaKCHMi3allii
KOPHCHOTO Yacy KOPUCTyBaua, TOOTO BITHOIICHHS KaTaHHS/OYlKyBaHHSI:

k = Z?:lz_:' 3)
ne k — xoedimieHT KOPUCHOCTI KaTaHHS, ai — Yac CIYCKy /0 BEpUIWHU I, bi — 4ac
OYIKyBaHHS Ha BEPIIHHI i, 7 — KUIbKICTh BEPIIUH MapIIPYTy.

Ha mpakrtumi moaibHa pekoMeHaamiss Mae OyTH BUAaHa He Oiunbmie HiX Ha 40
XBUJIMH BIIEpPE], B 3QJICKHOCTI BIJl TOYHOCTI POOOTH Mojemi. Takum dYUHOM, Yy
CEepPEeHhOMY KUIBKICTh BEpIIUH n y ¢opmyii 3 He Oyzae mepeBuinyBatd 3. Y mMbOMy
BUIAJKY JUIsl BHpIIMIEHHS 3a7adi oOpaHHsS MapupyTy MOXHA CKOPUCTATHCS
aJITOPUTMOM TIOBHOTO TIepeOopy yCix BapiaHTIB kKataHHs. KiIbKICTh MiIHOMHHUKIB, JI0
SAKUX JIMKHUK MOKE CITyCTHTHCS 3HAXOSYMCh HAa BEPUIMHI Tpac, 3a3BUYAM JICKUTH Y
Jiama3oHi BiJ JBOX N0 M'ATH. TakuMm dYWHOM, HaAWOLIbIIA KUIBKICTh BaplaHTIB
MapuIpyTy, 1110 Ma€e OyTH pO3TIIAHYTa IJI1 0OpaHHs ONTUMAIBHOTO, Oy/e JOPIBHIOBATH
5°,m0 He € OOYHMCIIOBAILHO CKJIaJAHUM. BpaxoByroun crnemnudiky 3amadi, MoaioHi
OOYMCIIEHHS MOXYTh OyTM BHKOHAHI JIOCTaTHBO WIBUAKO JJIsi JIOCSTHEHHS
NPUMHIATHOTO Yacy BIATYKY JUIsl KOKHOTO OKPEMOTO KIII€HTa CUCTEMH.
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Tounicms mooeni. JIns mokpamieHHs: pobotu cucremu, moaens CMO mae Oytu
JIONIOBHEHA JOAATKOBHMH TapaMeTpaMH B 3ale)KHOCTI Bix 11 xapakrepy. Tak, s
TIPCHKONMKHUX KYPOPTIB, OJTHUM 13 KIIIOUOBUX IMapaMeTpiB € 4ac CIYCKy JIKHUKA Ta
CKJIQJIHICTh Tpac. Y MOINEepeaHiX MPUKIaAax 4ac CIycKy OyB (hiKCOBaHOI BETMYMHOIO
Ta BUPaXaB CEpeJHE 3HAYCHHs Ui OLIbIIOCTI Jromed. HacTymHuM Kpokom yist
MOKpAIIeHHs TOYHOCTI Mojeni Moke OyTH BpaxyBaHHS HaBHYOK OKPEMOIO
KOpHCTyBaua i PO3PAXyHKy Yacy CIYCKy Mpu Bujgadi pexkomenparii. Cifg
3ayBXUTH, IO IS PO3PAXYHKY pPyXy JIOACHKOI MacH, BHUKOPUCTAHHS CEPEIHIX
3HaY€Hb € ONTHUMAIBHHUM IIIXOJIOM, aJie¢ MPU BHJAYl PEKOMEHJallii KOHKPETHOMY
KIIIEHTY MOTO MIBUKICTh CITyCKY € KPUTHYHO BaXJIMBUM, TaK SIK BiJI 4acy CIIyCKy Oyne
3aJieaTH CUTYyaIlisl Ha TiJHOMHUKAX, 3 SKOK KOPUCTYBad 3ITKHETHCS.

OpauM 13 pileHb JaHoi 3a7adi € moOyJ0oBa PErpecUBHOI MOJIENI 3aJIeKHOCTI
IIBHJIKOCTI JIMDKHHMKA BiJ 1Oro HABHYOK Ta CKIAAHOCTI Tpacu. OCTaHHI JiBa TapaMeTpH
MOXYTh OyTH BHUpaXEHI HATypaJbHUMHU YHCIAMU SK SKICHA OIlIHKa MO JesKii
dikcoBaHil mKkam. JlaHi MBUAKOCTI AT MOOYAOBH MOJEII YV IbOMY BHITaJIKy MAarOTh
OyTH B3STI 3 pe3yibTaTiB TecTiB. TakuM ynHOM, opMyJlia yacy CIyCKy JMKHUKA Oyze
BUTJISIIATH HACTYITHUM YHHOM:

w' = v(c,d) * I, (4)
Jie W’ — Yac CIyCKy JIsl OKPEMOTo KOPHCTYyBaua, v(c, d) — GyHKIIiS JHIAHOT perpecii uis
3HAXO/PKEHHS IIBHUJIKOCTI JIMKHUKA B 3aJIKHOCTI Bl HOr0 HAaBMUYOK Ta CKJIATHOCTI TPACH,
¢ — sIKICHa OIlIHKa HaBUYOK JIMKHHKA, d — OIIHKA CKJIaTHOCTI TpacH, / — JIOBKUHA CITyCKY.

BucnoBku. Y naniii crarti po3risiHyTo modynoBy moneni CMO 3 metoro
IMPaKTHINl JaHi B TMOMIOHIA cHCTeMi MarTh OYTH JOTOBHEHI JAaHWMH 3 30BHIIIHIX
CHUCTEM CITOCTEPE)KCHHS JIJII CTBOPEHHS OUTBIN YiTKOI Mozeni. Tako MoJelb MOXKe
OyTH yCKIagHEHa JO0JATKOBUMH IlapaMeTpaMy, TaKMMH SK: BBII-BHUBIA JrOJeH 13
CUCTEMH, 3MiHA Yacy CIyCKY 3aJIe’KHO BiJl HABUYOK JIM)KHHMKA Ta iHIII. Bukopuctanus
noJ1iI0HOT cHUCTeMH HE OOMEKEHO TipChKOIMKHUMU KypopTamu. Cuctema Moxke OyTH
3acTocoBaHa s Oyab-sskux CMO.
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VLADISLAV PANIIVAN

BUILDING THE MODEL OF QUEUEING SYSTEM
FOR PRODUCING RECOMMENDATIONS OF QUEUE CHOICE

Relevance of research topic. The problem of queue management is acute in all
queueing systems. The purpose of this article is to describe the project of creating a
human-control system for multichannel queueing systems. Examples of queueing
systems that can be used by such a system include transport stations, shopping malls
and shops, resorts and places of mass recreation, and any other queueing systems.

Formulation of the problem. For today, the problem of queuing management
in most queueing systems remains unresolved. The purpose of this article is to describe
the project of creating a human-control system for multi-channel queueing systems
with unlimited expectations. An example of such systems can be amusement parks or
ski resorts.

Analysis of recent research and publications. The options for managing
queue problems vary considerably depending on the nature of the queueing system, so
there is no single solution to this issue, but instead, over the years, many areas of
queueing systems have been shaped by ambiguous practices to improve the queue
situation. Most publications and researches on this topic deal with a narrow part of the
issue and have a theoretical and informal character.

Selection of unexplored parts of the general problem. Existing QS
simulation systems are mainly designed to model the flow of production and
processing of goods at enterprises and in some cases to simulate human flows, but the
latter lack a number of critical parameters of the model, such as the location of the
customer in relation to the goals and taking into account the time of moving
customers, so they can not be used to create a system of recommendations.

Setting the task. Within the framework of this article, the construction of the
queueing model for emulating the work of the ski resort and the creation of a system
for issuing recommendations based on the characteristics and state of the created
model will be described. The main goal of the project is to minimize the waiting time
between rides.

Presentation of the main material. The article describes the main stages of
creating a system model, its structure and work process. There were also described a
model for issuing recommendations based on the created queueing model and options
for improving the model.

Conclusion. In this article, the construction of the queueing model is
considered in order to emulate its work for issuing recommendations to the user,
regarding the choice of the queue. In practice data in a similar system should be
supplemented with data from external monitoring systems to create a more precise
model. Also, the model may be complicated by additional parameters, such as
input/output of people from the system, changing the time of descent depending on the
skills of the skier,etc. Using such a system is not restricted to ski resorts and can be
applied to any queueing system.



